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Dear Sir: 
This final technical letter report is presented in two parts. The first 
part is a brief description of the research objectives and findings. Scientific 
collaborators, theses, and talks supported in part by the grant are presented 
in the first part. The second part consists of copies of some of the results, 
appropriate theses, and a manuscript submitted for publication. 
NSF support on this grant has been very helpful in the development of a 
viable geophysics program at Georgia Tech. The contribution of NSF support to 
the goals of the principal investigator and the success of the geophysics 
program is greatfully acknowledged. 
Respectfully submitted, 	/-7? 
Dr. Leland Timothy Long 
Principal Investigator 
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A STUDY OF MICROEARTHQUAKES IN THE SOUTHEASTERN 
UNITED STATES; EVALUATION OF A WORKING HYPOTHESIS 
PART I 
Research Objectives and Findings 
Objectives  
The primary objective of the proposed work was to investigate the working 
hypothesis that: 
"Major earthquakes occur in the southeastern United States- because the 
geometries of structural units with anomalous rigidity and/or strength foster 
the concentration of stress in a deforming inhomogeneous crust." 
Secondary objectives were directed largely at obtaining significant field 
data and theoretical computations to show the validity of the hypothesis. The 
field data included a gravity survey of the Maryville, Tennessee, area and micro-
earthquake monitoring of known or suspected seismic activity. The theoretical 
studies included numerical modeling the stress in structures with inhomogeneous 
rigidity and computing the spectral signature of microearthquakes. 
Findings  
Two significant conclusions have been derived from this research. 
1. 	In the Coastal Plain of South Carolina anomalously rigid structural 
units typically associated with mafic intrusives of the crust are directly 
correlated with seismic activity and can be explained by the concentration of 
stress. This conclusion and documentation has been submitted to the BSSA 
for possible publication. A draft of the submitted manuscript is attached. 
2. Earthquakes in areas (of the southeast) other than the Coastal 
Plain do not satisfy as simple an explanation. 	Instead, relative differences 
in the effective long-term thickness of the crust may modify its flexural 
rigidity and allow stress amplification in zones of anomalously thin or less 
rigid crust. A proposal to study this aspect of "stress amplification" is 
being prepared for submission to NSF. 
Many other significant findings have been supported in part or have 
benefited from work on this grant. 
1. The gravity survey of the Maryville, Tennessee area was completed 
and is attached with a geologic map. No large mafic intrusive in the crust 
could be identified to associate with the Maryville epicenter. There is, 
however, a correlation of the gravity with surface geology and also with the 
intensity data given by Bollinger et al. (1976). 	Publication is not anticipated 
unless significant additional data can be obtained. 
2. Aftershock monitoring of the Conasauga earthquake of February 4, 1976 
did not yield any aftershocks. An analysis of the data pertinent to this earth-
quake were presented at the Eastern Section Seismological Society of America 
meeting in Ann Arbor, Michigan. Publication is anticipated within one year. 
3. A gravity survey performed in association with the aftershock study 
of the February 4, 1976 earthquake was completed but the area of investigation 
did not include the revised epicenter. Analysis of the gravity data and a 
refraction line across the area have been accepted for publication by the 
Georgia Geological Survey. 
4. Numerical models of structures with inhomogeneous rigidity have been 
computed in order to evaluate the magnitudes of the stresses that can be obtained 
by geometrical amplification of applied lower-level stresses. This was the topic 
of a Masters Theses by Helmut Yung An Hsiao. A copy is attached. Results 
from this work were presented in talks and are summarized in the paper 
submitted to BSSA. 
5. The spectral signature of microearthquakes in the Southeastern United 
States was examined in detail by George Marion in his masters' thesis entitled 
"A Spectral Analysis of Microearthquakes that Occur in the Southeastern United 
States". A copy of the thesis is attached. Significant differences in the 
spectral signature between events in the Piedmont Province and the Folded 
Appalachians were discovered. Microearthquakes at the Jocassee reservoir 
show a dominant W
-3 
decay which implies movement on lubricated surfaces. The 
Clark Hill Reservoir events showed decay rates of W
-2 
to W-3 indicating less 
of a dependence on a lubricated fault plain. 	In contrast, the Maryville, 




 high-frequency decay which implies 
a low rupture velocity and the possible breaking of fresh rock. However, all 
of the events studied were of magnitude 2.5 or less. In a subsequent proposal 
I hope to investigate whether this relation extends to large magnitude events. 
6. The stress amplification hypothesis was also applied to an interpre-
tation of gravity data near the Charleston epicenter. This analysis has been 
accepted for publication as a chapter in U. S. Geological Survey Professional 
Paper 1028K. 	Reprints will be submitted when available. This publication 
presents an argument that the structure of the crust and the location of recent 
and historical seismic activity are compatible with stress amplification . as an 
explanation for the Great Charleston earthquake of 1886. 
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Thesis  
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Talks and Abstracts  
Long, L. T. (1975). The 1886 Charleston, S. C. earthquake and its 
relation to the seismicity of the southeastern United States (Abstract) 
Earthquake Notes, 46, 50. 	(Presented at Eastern Section, Seism. Soc. 
Am. Annual Meeting, St. Louis, November 1975) 
Long, L. T. (1975). 	Isostatic Compensation and tectonics in the south- 
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Long, L. T. and Hsiao, Yung An Helmut (1976). The "Stress Amplification" 
mechanism for intraplate earthquakes applied to the southeastern United 
States (Abstract) in Abstracts with Programs 8, Geological Society of 
America, p. 221. 	(Presented at Southeastern Section, Geological Society 
of America, Arlington, Virginia, March 1976). 
Long, L. T. (1976). The Summerville-Charleston and Bowman epicentral 
zones and their relation to the seismicity of the Southeastern United 
States (Abstract), Earthquake Notes, 47, 19. 	(Presented at the 
Seismological Society of America annual meeting, Alberta, Canada, 
May, 1976). 
Long, L. T. and Guinn, S. A. (1976). The Dalton, Georgia Earthquake 
of February 4, 1976, (Abstract) Earthquake Notes, 47, 5. (Presented 
at the Annual Meeting of the Eastern Section, Seismological Society 
of America. Ann Arbor, Michigan October, 1976). 
Guinn, S. A. and Long, L. T. (1977). A Gravity Survey of the Dalton, 
Georgia Area. (Abstract) 	in Abstracts with Programs 9 Geological 
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Meeting, Washington, D. C., June, 1977). 
Collaborators  
The research supported by the NSF Grant has encouraged a cooperation 
and interchange of data with investigators at other organizations with interests 
in the Southeast United States. 	Intensity data and information on events of 
regional interest have been regularly submitted to the U. S. Geological Survey 
and NOAA. The U. S. Geological Survey has provided film copies of the S. C. 
Net data for events we have recognized at Georgia Tech stations and could speci-
fically request. The U. S. Geological Survey also cooperated during the early 
phases of the Charleston investigation with the preparation of the Summerville-
Charleston Gravity map and its tectonic implications. The spectral analysis 
of Jocassee data were facilitated by cooperation with Duke Power Co. and the 
Law Engineering Testing Co. Nuclear Regulatory Commission support in the Clark 
Hill Reservoir Area made possible a significantly enhanced study of the spectral 
characteristics of microearthquakes. 
Grant funds have provided direct or indirect support for geophysics students 
at Georgia Tech. 	In particular, Helmut Yung-An Hsiao and George E. Marion as 
graduate research assistants received direct assistance in their thesis work 
from the grant. Stewart Guinn as a graduate research assistant received direct 
assistance for research related to the grant. Stewart Guinn's thesis is on focal 
mechanisms of southeast United States Earthquakes. These three students are 
currently employed in seismology or exploration geophysics. Bill Volz as a 
graduate research assistant obtained support for the Maryville, Tennessee, 
gravity survey. 
Comments:  
The work on this grant has shown the extreme importance of proper and 
complete instrumentation. Some of our earlier efforts in retrospect, were 
seriously hampered by instrumentation defficiencies. The tape unit employed 
at Bowman, S. C. and for the last time at Maryville, Tennessee, was limited 
by lack of supporting portable microearthquake recorders. Consequently, focal 
mechanisms and reliable, rapid locations were not possible. Hence, Georgia 
Tech's contribution to the Maryville study was insufficient to allow partici-
pation in the analysis. However, the spectral data from that aftershock sequence 
when analyzed by George Marion revealed characteristics unique to the area and 
important conslusions relative to the mode of faulting. As a second example, 
we developed three low-cost tape recorder systems for 15 to 300 Hz which were 
able to resolve the high-frequence decay of very small earthquakes in the Clark 
Hill Reservoir Area and Jocassee Reservoir Area. The data obtained by these 
systems are unique and have lead to an hypothesis concerning the mode of fault 
rupture in reservoir areas. However, we need additional instruments to allow 
focal mechanism determination of the events for which spectra are obtained to 
allow correlations of spectral characteristics with positions on the focal 
sphere. 
The work on this grant has supported analysis of a unique and perhaps 
radically different concept of earthquake tectonics. 	It is, perhaps, one of 
the few studies to examine the influence of crustal inhomogenieties on the 
occurrence of earthquakes in the interior of a plate. As a consequence a 
causal relation has been hypothesized which may explain why earthquakes occurr 
in the interior of some plates. 
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